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Abstract 

Objective: 

We aimed to develop and internally validate risk prediction models for predicting groin wound 

surgical site infections (SSIs) following arterial intervention and evaluate the utility of existing risk 

prediction models for this outcome. 

Methods: 

Data from the Groin wound Infection after Vascular Exposure (GIVE) multicentre cohort study was 

used. The GIVE study prospectively enrolled 1039 consecutive patients undergoing an arterial 

procedure through 1339 groin incisions. An overall SSI rate of 8.6% per groin incision, and a 

deep/organ-space SSI rate of 3.8%, were reported. Eight independent predictors of all SSIs, and 4 

independent predictors of deep/organ-space SSIs were included in the development and internal 

validation of two risk prediction models. A systematic search of the literature was conducted to 

identify relevant risk prediction models for their evaluation. 

Results: 

The ‘GIVE SSI risk prediction model’ (‘GIVE SSI model’) and the ‘GIVE deep/organ-space SSI risk 

prediction model’ (‘deep SSI model’) had adequate discrimination (C-statistic 0.735 and 0.720, 

respectively). Three other groin incision SSI risk prediction models were identified; both GIVE risk 

prediction models significantly outperformed these other risk models in this cohort (C-statistics = 

0.618-0.629; p<0.05 for inferior discrimination in all cases). 

Conclusion: 

We have created and internally validated two models that performed acceptably in predicting ‘all’ 

and ‘deep’ groin SSIs, outperforming current existing risk prediction models in this cohort. Future 

studies should aim to externally validate the GIVE models. 
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What this study adds 

This study describes the development, evaluation, and internal validation of two risk prediction 

models (GIVE SSI model and deep SSI model) for predicting SSI following arterial intervention 

through a groin incision. Both models demonstrate acceptable predictive performance. Clinical 

application could see their use complement clinician estimates of SSI-risk, and prompt selective 

consideration of SSI preventing interventions to improve outcomes. However, external validation in 

an independent cohort of patients is required. Based on their performance in this cohort we cannot 

recommend the use of any of the three existing risk prediction models identified in a systematic 

search of the literature. 
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Introduction 

Surgical site infections (SSIs) are a significant preventable cause of morbidity, mortality, and 

increased healthcare cost1–3. Groin wound SSIs are commonplace following arterial intervention4,5, 

and current rates are comparable to rates reported in studies published over a decade ago (5 - 

31%)4–7. Deep SSIs account for a significant proportion of these infections, carrying a risk of 

radiological (e.g. image-guided percutaneous drainage of infected fluid) or surgical re-intervention5, 

including a risk of major lower limb amputation or even death8,9. As such, recent guidelines on the 

management of vascular graft infections highlight the importance of identifying and understanding 

risk factors in relation to SSIs, since SSIs are the leading event for vascular graft infections in this 

setting10. Additionally, research relating to SSIs in vascular surgery has been identified as a priority 

topic in a recent UK nationwide vascular surgery Delphi exercise11. 

Practice aimed at preventing vascular groin wound SSIs varies considerably5. Several adjuncts aimed 

at reducing SSIs have been evaluated in vascular groin wounds, including prophylactic closed incision 

negative pressure wound therapy (ciNPWT), local antibiotics, wound drains, platelet rich plasma, 

skin closure methods, fibrin glue, and silver alginate dressings12. The evidence for ciNPWT’s efficacy 

in reducing SSIs in vascular groin wounds is encouraging but data regarding the cost-effectiveness of 

their routine use is lacking12. Other adjuncts have no effect or have been evaluated only in low 

quality studies. Ideally, surgeons would be able to identify patients at a higher risk of SSIs, and 

selectively utilise these, oftentimes expensive, adjuncts. 

Prediction models (often derived from regression analyses of multiple variables) aim to provide 

information that can complement clinician estimations of the risk of outcomes, to better inform 

discussions of risk and benefit with patients. Evaluation of their predictive performance includes 

tests of discrimination (ability to discriminate between those who experience the outcome and 

those that do not), and calibration (agreement between the observed and predicted risk of 

outcome)13. Initial evaluation is conducted on data in which the model was developed, however it is 

expected for the model to perform well in this setting - ‘optimism’. Internal validation aims to 

quantify the optimism observed in the initial performance of a model14. External validation aims to 

determine the wider applicability of a model, by evaluating the predictive performance in an 

independent cohort of patients14. 

Most studies aiming to identify risk factors for vascular groin SSIs have analysed retrospective data 

on few patients and use heterogeneous definitions of SSI4,6,15. More recently, studies have reported 

the development and evaluation of SSI risk prediction models for patients undergoing vascular 

surgery16–18. These models have demonstrated promising performance; however, they are yet to be 

externally validated. 

The primary aim of this study was to develop, evaluate, and internally validate SSI risk prediction 

models based on regression analysis results from the previously published international Groin 

wound Infection after Vascular Exposure (GIVE) study5, looking to predict an overall rate of SSI as 

well as a ‘deep’ SSI rate for individual patients. The secondary aims were to identify and evaluate the 

methodological quality of relevant existing SSI risk prediction models in a systematic review of the 

literature, and to externally validate their predictive performance in the GIVE cohort. 
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Methods 

This study is reported in accordance with the transparent reporting of a multivariable prediction 

model for individual prognosis or diagnosis (TRIPOD) statement14. 

 

Outcomes 

The primary outcomes for this study were the predictive performance measures of the GIVE ‘all SSI 

model’ and ‘deep SSI model’. Secondary outcomes were the predictive performance measures of 

relevant existing risk prediction models in this patient cohort in comparison to the GIVE risk 

prediction models. 

 

Overview of the GIVE study 

GIVE was an international multicentre prospective observational cohort study of patients 

undergoing arterial intervention through a groin incision, undertaken between 21/01/2019 and 

01/05/20195. The GIVE study methodology is summarised below; the full methodology can be found 

in the published protocol19. 

Methodology of the GIVE study 

A total of 37 centres participated in the GIVE study (30 UK and 7 international). Adult patients 

undergoing emergency or elective arterial intervention using a groin incision were included. 

Procedures for an active infective process (e.g. infected pseudoaneurysm), percutaneous only 

procedures, venous access procedures and cardiac procedures (e.g. transcatheter aortic valve 

implantation) were excluded. The primary outcome was the incidence of SSI, which was defined 

according to the Centers for Disease Control and Prevention (CDC) criteria20. Secondary outcomes 

included the incidence of superficial SSI (CDC criteria)20, deep/organ-space SSI (CDC criteria)20, the 

sequalae of SSI (e.g. sepsis, re-intervention, length of hospital stay and mortality). The CDC criteria 

for superficial, deep, and organ-space SSI are given in Supplementary material 1. A further 

objective, determined a priori, was to examine the value of previously published models in 

predicting SSIs19. The results of the GIVE study have been published in full5; a summary is presented 

below. 

Demographic and operative details of the GIVE cohort 

1039 patients, undergoing 1339 groin incisions, were included. The median age was 71 years 

(interquartile range [IQR] 64 - 77), 272 patients (26.2%) were female, and the median body mass 

index (BMI) was 26Kg/m2 (IQR 23 - 30Kg/m2). Operative procedures were categorised into three 

groups: open procedure only (798 [59.7%]), aneurysmal endovascular procedures via cut-down with 

or without concomitant open surgery (e.g., with bypass) (283 [21.2%]), and occlusive endovascular 

procedure via cut-down with or without concomitant open surgery (256 [19.1%]). Autologous vein 

was used as bypass/patch material in 309 procedures (23.8%), xenograft in 239 (18.4%), and 

prosthetic material in 368 (28.4%), with no patch/bypass material used in 381 procedures (28.5%). 

The median operative time was 3.0 hours (IQR 2.0 - 4.0). Full demographic and operative details are 

given in Supplementary material 2. 
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SSI rates of the GIVE cohort 

107 patients (10.3%) developed 115 SSIs (8.6% per groin incision). Superficial SSIs occurred in 62 

incisions (4.6%) and deep/organ-space SSIs occurred in 51 groin incisions (3.8%), 2 groin wound SSIs 

(0.2%) were not specified as superficial or deep/organ-space. 

Identification of independent predictors in the GIVE study 

Initially, variables recorded in the GIVE study and thought to be important in the development of 

SSIs (based on evidence demonstrating their relevance to SSIs and the writing group’s consensus) 

were subject to regression analyses. Multiple imputation was used to address missing data, using a 

Markov chain Monte Carlo method (25 imputations with 25 iterations)21. Sensitivity analysis by case-

wise deletion was performed to assess the integrity of the imputation method. Multiple imputation 

was performed using the statistical software: SPSS (IBM, Armonk, New York, USA; version 26). 

Selected variables were subject to univariate binary logistic regression, and those reaching a 

significance threshold of p<0.10 were then subjected to backward stepwise multivariate logistic 

regression. Statistical significance during multivariate analysis was defined as p<0.05. Univariate and 

multivariate regression analyses were performed on the imputed data and results combined using 

Rubin’s rules22.  

 

Current study 

Model development, evaluation, and validation 

The independent predictors of all SSI and deep SSI were weighted according to the respective 

regression coefficients determined in the GIVE study. These were then combined to create two GIVE 

risk prediction model equations. These models accepted categorical or continuous data regarding 

patient and operative variables, and computed a predicted rate of SSI, given as a percentage. 

Discrimination (ability to discriminate between those who experience the outcome and those that 

do not) was assessed by plotting a receiver operating characteristic (ROC) curve and calculating the 

area under the curve (C-statistic) including 95% confidence intervals (CI)13. The C-statistic can be 

interpreted as follows: 0.5 suggesting no discrimination, 0.5 - 0.7 suggesting poor discrimination, 0.7 

- 0.8 suggesting acceptable discrimination, 0.8 - 0.9 suggesting excellent discrimination, >0.9 

suggesting outstanding discrimination13. 

Calibration (agreement between the observed and predicted risk of outcome) was assessed using 

the Hosmer-Lemeshow goodness of fit test (which tests for a significant lack of fit)13. The significance 

was set at 0.05, meaning a Hosmer-Lemeshow test p-value of <0.05 suggests there was significant 

lack of fit13. Calibration plots (a plot of observed frequencies and predicted probabilities) were 

visually inspected for deviations from the 45-degree line (line of agreement between observed and 

predicted outcome). The calibration slope was then calculated (calibration slope = 1 indicating 

agreement between observed and predicted outcome). 

Additionally, a Brier score was calculated as a measure of overall model performance which takes 

both calibration and discrimination into account23. The Brier score ranges from 0 (best possible 

score) to 1 (worst possible score). An optimal diagnostic cut-off was identified using a method 

described by Youden, et al.24 and sensitivity and specificity values at this cut-off were then 

calculated. Internal validation of our models was conducted using a bootstrap validation method, 
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with optimism-adjusted performance measures calculated25. Statistical analyses were performed 

using the R statistical programming environment (version 4.0.2), using the pROC (version 1.16.2) and 

psfmi (version 0.2.0) packages26,27. 

 

Identifying and evaluating other risk prediction models 

 Systematic review 

The MEDLINE database was searched (via PubMed) without date or study-type restriction to identify 

existing risk prediction models. The following search strategy was used: “(risk model OR prediction 

OR risk score) AND (vascular OR arterial) AND (SSI OR surgical site infection OR wound infection)”. 

Studies were suitable for inclusion if they descried a model for use in the prediction of SSI rates 

following arterial intervention through an incision for surgical access. Studies describing SSI models 

that did not include groin incisions were excluded. Articles identified by the search were screened by 

one author (BLG) and a list of potentially eligible risk prediction models were reviewed by two 

authors (BLG and DCB). Data was extracted, and study quality evaluated using the Newcastle-Ottawa 

score by two authors (BLG and DCB)28. 

 

External validation of predictive performance 

Existing risk scoring models’ predictions of SSI risk were calculated using the reported regression 

coefficients for each predictor variable16,29,30. Variables included in existing risk scoring models that 

were systematically missing from our data were handled by using a “worst case” scenario, and 

analysis included a test of discrimination only. DeLong’s method was used to test the comparative 

performance of the GIVE risk prediction models, when compared to that of the existing models31. 
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Results 

 

Results of multivariate analysis in the GIVE study 

Variables identified as independent predictors of all SSIs were: female sex, BMI≥30Kg/m2, ischaemic 

heart disease, aqueous betadine skin preparation (compared to alcoholic chlorhexidine), use of vein, 

prosthetic or xenograft bypass/patch material (compared to no bypass/patch material), and 

operative time. The variables identified as independent predictors of deep/organ-space SSIs were 

female sex, diabetes (type I and II), aqueous betadine skin preparation, and use of xenograft 

bypass/patch material. Table 1 is an adaption of the results of both multivariate analyses reported in 

the GIVE study5. 

 

GIVE risk prediction models 

For each model, the variables were weighted as described in the methods. The predicted probability 

of developing an SSI is calculated using the following formula: 

P = 1/(1+eA), where A = -4.846 + 0.535 x (Female sex) + 0.629 x (BMI<18.5Kg/m2) + 0.264 x (BMI 25 - 

29.9Kg/m2) + 1.070 x (BMI>30Kg/m2) + 0.793 x (Ischaemic heart disease) - 0.394 x (Aqueous 

chlorhexidine skin preparation) - 0.058 x (Alcoholic betadine skin preparation) + 1.024 x (Aqueous 

betadine skin preparation) + 0.021 x (Two solutions for skin preparation) + 0.884 x (Vein 

bypass/patch material) + 1.582 x (Xenograft bypass/patch material) + 0.938 x (Prosthetic 

bypass/patch material) + 0.142 x (Operative time [hours]). 

The C-statistic of this model equated to 0.735 (95% CI = 0.580 - 0.848), Hosmer-Lemeshow statistic 

was 11.50 (p = 0.248), calibration plot inspection indicated good fit, calibration slope = 1, and the 

Brier score was 0.072. Following internal validation, the optimism-adjusted results were: C-statistic = 

0.704, calibration slope = 0.864, and Brier score = 0.074. Using a probability cut-off of 0.084, the 

model had a sensitivity of 67.3% and specificity of 66.1%. 

 

The predicted probability of developing a deep/organ-space SSI is calculated using the following 

formula: 

P = 1/(1+eA), where A = -4.262 + 0.666 x (Female sex) + 0.666 x (Diabetes) - 0.108 x (Aqueous 

chlorhexidine skin preparation) - 0.332 x (Alcoholic betadine skin preparation) + 1.418 x (Aqueous 

betadine skin preparation) + 0.270 x (Two solutions for skin preparation) + 0.027 x (Vein 

bypass/patch material) + 1.029 x (Xenograft bypass/patch material) + 0.325 x (Prosthetic 

bypass/patch material). 

The C-statistic of this model equated to 0.720 (95% CI = 0.545 - 0.857), Hosmer-Lemeshow statistic 

was 5.217 (p = 0.721), calibration plot inspection indicated good fit, calibration slope = 1, and the 

Brier score was 0.035. Optimism-adjusted results were: C-statistic = 0.660, calibration slope = 0.738, 

Brier score = 0.036. Using a probability cut-off of 0.027, the model had a sensitivity of 75.8% and a 

specificity of 56.6%. 

Both risk prediction models are freely available via an easy-to-use online calculator 

(www.ambler.me.uk/Vascular). 

http://www.ambler.me.uk/Vascular


 

 9 

Systematic review of existing risk prediction models 

The search of the MEDLINE database (date of last search: 12/10/2020) identified 1194 studies, of 

which 8 were shortlisted on review of titles and abstracts. On full text review, a further five studies 

were excluded, leaving three risk prediction models which were included in our comparative 

review16–18. These were Wiseman, et al.16 (developed in 49817 patients undergoing major vascular 

procedures), Leekha, et al.17 (developed in 244 patients undergoing elective aortic and peripheral 

arterial procedures) and Bennett, et al.18 (developed in 284 patients undergoing lower limb 

revascularisation). All included groin incisions, however, the only cohort specific to groin incisions 

was Bennett, et al18. A flow diagram demonstrating our systematic search is shown in Figure 1. 

All three studies included patients in the United States of America and were conducted 

retrospectively. The SSI rate ranged from 8.9% to 34.4%. Two studies defined SSI according to the 

CDC criteria16,17, the third relied on the treating clinician’s assessment18. The reported discriminatory 

performances (C-statistic) following internal validation ranged from 0.690 to 0.728. All studies 

determined their models to have acceptable calibration. Study characteristics, reported predictive 

performance measures, and Newcastle-Ottawa scores are shown in Table 2. A Newcastle-Ottawa 

score of 7 was given to two studies16,17, and 5 for the third18. Details of how Newcastle-Ottawa 

scores were determined are shown in Supplementary material 3. 

External validation of existing risk prediction tools in the GIVE cohort 

Both the ‘GIVE SSI model’ and the ‘deep SSI model’ outperformed all three existing risk prediction 

models in this cohort, before and after adjusting for optimism. The variables contributing to each 

risk prediction model are shown in Supplementary material 4. The ROCs of the two GIVE risk scoring 

models, and the three other risk prediction models, are shown in Figure 2. Table 3 shows the C-

statistics of all models evaluated and the p-values when compared to the ‘GIVE SSI model’ and the 

‘deep SSI model’: Wiseman (C = 0.629; 95% CI = 0.464 - 0.769; p-value [compared to the ‘GIVE SSI 

model’] = 0.004, p-value [compared to the ‘deep SSI model’] = 0.024), Leekha (C = 0.610; 95% CI = 

0.432 - 0.763; p-value [compared to the ‘GIVE SSI model’] = 0.002, p-value [compared to the ‘deep 

SSI model’] = 0.012), and Bennett (C = 0.618; 95% CI = 0.398 - 0.798; p-value [compared to the ‘GIVE 

SSI model’] = 0.022, p-value [compared to the ‘deep SSI model’] = 0.049). 
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Discussion 

The overall rate of SSIs in the 1337 groin incisions (1039 patients) that comprised the GIVE study 

cohort was 8.6% per groin incision, with a deep/organ-space SSI rate of 3.8% per groin incision. The 

‘GIVE SSI model’ and ‘deep/organ-space SSI model’ demonstrated acceptable discrimination, 

calibration, and overall performance. Internal validation of the ‘GIVE SSI model’ demonstrated 

stability of the model and acceptable optimism-adjusted performance measures. The ‘deep/organ-

space SSI model’ retained good overall performance (Brier score), however optimism-adjusted 

discrimination and calibration were less good. These results are comparable to, or better than, the 

reported optimism-adjusted results of the existing risk scoring models for vascular SSIs identified in 

our systematic review of the literature16–18. 

Accurately predicting patient risk and outcomes can be invaluable for both patients and surgeons. 

Risk prediction models can aid informed discussions with patients and their relatives/carers about 

risk and benefit of surgical intervention. In addition, they could be utilised preoperatively to identify 

patients who may benefit from adjuncts aimed at reducing SSIs, including those that may be 

expensive or only have limited evidence to support their use in high-risk patients. Examples of the 

different predicted risk of SSI for hypothetical patients (according to the ‘GIVE SSI model’ and 

‘deep/organ-space SSI model’) based on changes to practice are shown in Supplementary material 

5. Surgeon accuracy in predicting outcomes following operative intervention varies considerably 

depending on the outcome being predicted, with risk scoring models performing better in almost all 

cases32. This lends weight to the clinical utility of risk prediction models. In contrast to certain risk 

prediction models which are easy to calculate by the bedside, the two models here require relatively 

complex equations to calculate, and an easy-to-use web calculator is therefore hosted online 

(www.ambler.me.uk/Vascular). This not only allows bedside calculation of risk, but also enables 

researchers to validate the GIVE risk prediction models in independent cohorts of patients.  

The variables identified as independent predictors of all SSIs and deep/organ-space SSIs in the GIVE 

study, and therefore used in the risk models, are generally well recognised as important predictors 

of SSI9,16,33. Data from the GIVE study adds to the increasing body of evidence supporting alcoholic 

chlorhexidine as the skin preparation of choice34, as is advised by national committees35. All 

bypass/patch materials were independent predictors of SSI, autologous vein and prosthetic material 

had similar odds ratios whilst xenografts had a high odds ratio by comparison. These findings of 

higher SSI rates in xenografts compared to autologous vein and prosthetic grafts conflicts evidence 

of lower infection risk in autologous veins and xenografts compared to prosthetic grafts from other 

areas of vascular surgery15,36, but may be explained by confounders that are unaccounted for, such 

as the increased tissue dissection required to harvest a venous conduit, and selective use of a 

xenograft in groins perceived to be at higher risk for infection. 

Three relevant existing risk prediction models were identified following a systematic review of the 

literature16–18. All were developed using retrospective data, and two had a relatively small cohort of 

patients. According to the Newcastle-Ottawa score, two of the studies reporting these risk 

prediction models had good methodological quality16,17, the remaining study had poor 

methodological quality18. All three models had poor discrimination in predicting their respective 

outcomes in our patient cohort, with their respective 95% CIs all including 0.5 (implying that their 

performance was not significantly better than pure chance). We are unable to recommend the 

routine use of these three scoring models based on our results, although we do recognise that they 

may perform better in cohorts more closely matched to the patients in which they were developed. 

http://www.ambler.me.uk/Vascular
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This study has many strengths. It utilises prospective data on a large number of patients with 

minimal missing data, internally validated to have 95% data accuracy5. We provide risk prediction 

models specific to vascular groin incisions, a clinically relevant issue to vascular surgeons and 

practitioners11. Our models show acceptable predictive performance for both overall SSIs and 

deep/organ-space SSIs, allowing surgeons to selectively utilise suitable SSI-preventing wound 

adjuncts for those identified as being higher-risk. Our models are based on up-to-date data from 

over 30 centres, increasing their generalisability. Relatively few variables contribute to the final 

models we developed, reducing the risk of over-fitting (increasing theoretical wider applicability, 

supported by our optimism-adjusted results), and all variables are clearly defined and objective. We 

account for optimism in the apparent performance of our models by conducting internal validation. 

Our method of internal validation by bootstrapping was robust and is preferred to other methods 

that are commonly utilised, such as random/non-random split-sample validation14,37. To the best of 

our knowledge, the relevant existing risk scoring models we identified have not previously been 

externally validated. Our results demonstrate that their utility in predicting groin wound SSIs in this 

patient cohort is limited. 

However, there are several limitations. Data from the GIVE study, on which our analysis is based, 

only includes SSIs that were apparent to the treating centre; SSIs treated at other centres or in the 

community were missed, potentially introducing bias to the results. The data from the GIVE study is 

partly limited by missing relevant variables. A restriction of the study was that data were collected 

from hospital records without direct patient contact; variables such as smoking status, which are 

inconsistently up to date on such systems, were not collected and introduced potential confounding 

that is not accounted for. Similarly, other factors such as surgeon-dependent tissue handling, intra-

operative wound tension, thoroughness of lymphatic vessel control and haemostasis, and layered 

closure methods are potential sources of unaccounted confounding. Having said this, the inclusion 

of such subjective variables would potentially limit the clinical utility of any prediction model due to 

inconsistent reporting. The GIVE cohort is somewhat limited in its generalisability due to the 

relatively low proportion of female patients (owing to the inclusion of aneurysmal procedures), high 

proportion of urgent/emergency cases, and relatively low median BMI. The cohort may be 

representative of UK practice, but generalisability outside the UK is limited due to the low 

proportion of patients from international centres. Our models include certain operative variables, 

limiting their use for aiding discussions about risk with patients pre-operatively, unless it is known 

which of these options are due to be used. Despite conducting internal validation which is a 

recognised, necessary step in evaluating a prediction model, supported in the TRIPOD statement14; 

our models’ use in clinical practice cannot be recommended based on these results alone. 

Demonstration of the wider applicability of our models will require multiple studies aiming to 

externally validate them in different cohorts of patients. The web calculator aims to provide an easy 

and quick method of utilising the GIVE risk prediction models, however, it is limited to users with an 

internet connection (though it is possible to download the calculator for off-line use). There are 

limitations to the external validation of the three existing risk prediction models: the differences in 

patient cohorts and definitions of SSI potentially limited their apparent performance in our cohort, 

and we were unable to undertake a more rigorous evaluation (including assessing calibration) due to 

systematically missing variables. The analysis performed to directly compare the performance of 

existing models with our own is limited due to the optimism effect, though we used resampling 

internal validation methods to mitigate against this as much as possible. 
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Risk prediction models can be a useful aid for practitioners to provide patients with accurate 

estimations of risk and benefit. The GIVE risk prediction models have acceptable performance, and 

we encourage researchers to validate their use in separate patient cohorts. Existing risk prediction 

models did not perform well in this cohort. 
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Tables  

Table 1. Results of multivariate analysis for all SSIs and deep/organ-space SSIs. 

Table adapted from tables presented in the GIVE study5. 

Independent predictors of all SSIs     

Variable Odds Ratio 95% CI P value  

Female 1.708 1.095 - 2.663 0.018 * 

BMI - Normal weight (18.5 - 

24.9kg/m2) 

Reference    

BMI - Underweight (<18.5kg/m2) 1.868 0.822 - 4.243 0.135  

BMI - Overweight (25 - 29.9kg/m2) 1.302 0.648 - 2.618 0.457  

BMI - Obese (≥30kg/m2) 2.916 1.511 - 5.626 0.002 * 

IHD 2.213 1.471 - 3.330 <0.001 * 

Skin prep - Alcoholic chlorhexidine Reference    

Skin prep - Aqueous chlorhexidine 0.674 0.251 - 1.810 0.434  

Skin prep - Alcoholic betadine 0.944 0.540 - 1.650 0.840  

Skin prep - Aqueous betadine 2.784 1.515 - 5.117 0.001 * 

Skin prep - Two solutions 1.022 0.329 - 3.172 0.970  

Bypass/patch material - None Reference    

Bypass/patch material - Vein 2.420 1.178 - 4.970 0.016 * 

Bypass/patch material - Xenograft 4.864 2.427 - 9.748 <0.001 * 

Bypass/patch material - Prosthetic 2.556 1.268 - 5.149 0.009 * 
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Operative time (hours) 1.152 1.022 - 1.299 0.021 * 

Independent predictors of 

deep/organ-space SSIs 

    

Variable Odds Ratio 95% CI P value  

Female sex 1.947 1.064 - 3.560 0.031 * 

Diabetes (any) 1.947 1.068 - 3.549 0.030 * 

Skin prep - alcoholic chlorhexidine Reference    

Skin prep - aqueous chlorhexidine 0.897 0.208 - 3.864 0.884  

Skin prep - alcoholic betadine 0.717 0.285 - 1.806 0.481  

Skin prep - aqueous betadine 4.129 1.961 - 8.694 <0.001 * 

Skin prep - two solutions 1.310 0.293 - 5.854 0.723  

Bypass/patch material - none Reference    

Bypass/patch material - vein 1.027 0.387 - 2.726 0.958  

Bypass/patch material - xenograft 2.798 1.155 - 6.778 0.023 * 

Bypass/patch material - prosthetic 1.384 0.565 - 3.392 0.477  
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Table 2. Characteristics and reported predictive performance of studies included in a systematic 

review of existing risk prediction models. 

 

*1 - Retrospective cohort study; 2 - Nested case-control study 

**1 - Peripheral arterial disease; 2 - Aneurysmal disease 

***CDC - Centers for Disease Control and prevention 

 

 

 

1st 
Author & 

year 

Location Study 
type* 

Cohort’s 
pathology 

being 
treated** 

Total 
number 

of 
patients 

Number 
of 

events 
(SSI) 

Definition 
of SSI 

Discriminatory 
performance 
(C-statistic) 

Internal 
validation 

discriminatory 
performance 
(C-statistic) 

Calibration 
performance 

Optimism 
adjusted 

calibration 
performance 

Newcastle-
Ottawa 
score 

Wiseman 
201516 

USA 1 1 and 2 49,817 4,494 
(8.9%) 

CDC*** 
criteria 

0.694 0.691 Hosmer-
Lemeshow p-
value = 0.796 

Not reported 7 

Leekha 
201617 

USA 2 1 and 2 244 84 
(34.4%) 

CDC*** 
criteria 

0.737 0.690 Calibration 
curve - 

acceptable 

Not reported 7 

Bennett 
201618 

USA 1 1 284 17 
(6.0%) 

Treating 
clinician 

assessment 

0.845 0.728 Hosmer-
Lemeshow p-
value = 0.78 

Hosmer-
Lemeshow p-
value = 0.30 

5 
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Table 3. Performance measures of all risk prediction models. 

 

Risk 
prediction 
model 

C-
statistic 

Hosmer-
Lemeshow 
statistic 

Homer-
Lemeshow 
p-value 

Calibration 
slope 

Brier 
score 

Z-test p-value 
compared to the 
‘GIVE SSI model’ 

Z-test p-value compared to 
the ‘deep/organ-space SSI 
model’ 

‘GIVE SSI 
model’ 

0.735 11.50 0.248 1 0.072 N/a 0.402 

’deep/organ
-space SSI 
model’ 

0.720 5.217 0.721 1 0.035 0.402 N/a 

Wiseman16 0.629 N/a N/a N/a N/a 0.004 0.024 

Leekha17 0.610 N/a N/a N/a N/a 0.002 0.012 

Bennett18 0.618 N/a N/a N/a N/a 0.022 0.049 
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Figures 

Figure 1. Flow diagram demonstrating a systematic search for existing risk prediction models that 

predict surgical site infection in groin wounds following arterial intervention. 
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Figure 2. Receiver operating characteristic curves for all risk prediction models. 
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Supplementary material 

Supplementary material 1. The Centre for Disease Control and Prevention (CDC) surgical site 

infection (SSI) criteria20. 

 

Superficial incisional SSI 

Date of event occurs within 30 days after any NHSN operative procedure (where day 1 = the 

procedure date) 

AND 

Involves only skin and subcutaneous tissue of the incision 

AND 

Patient has at least one of the following: 

a. purulent drainage from the superficial incision. 

b. organism(s) identified from an aseptically-obtained specimen from the superficial incision or 

subcutaneous tissue by a culture or non-culture based microbiologic testing method which is 

performed for purposes of clinical diagnosis or treatment (for example, not Active 

Surveillance Culture/Testing (ASC/AST)). 

c. superficial incision that is deliberately opened by a surgeon, physician or physician designee 

and culture or non-culture based testing of the superficial incision or subcutaneous tissue is 

not performed 

  AND 

patient has at least one of the following signs or symptoms: localized pain or tenderness; 

localized swelling; erythema; or heat. 

d. diagnosis of a superficial incisional SSI by a physician or physician designee 

 

Deep incisional SSI 

The date of event occurs within 30 or 90 days after the NHSN operative procedure (where day 1 = 

the procedure date) according to the list in Table 2 

AND 

involves deep soft tissues of the incision (for example, fascial and muscle layers) 

AND 

patient has at least one of the following: 

a. purulent drainage from the deep incision. 

b. a deep incision that spontaneously dehisces, or is deliberately opened or aspirated by a 

surgeon, physician or physician designee. 
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AND 

organism(s) identified from the deep soft tissues of the incision by a culture or non-culture 

based microbiologic testing method which is performed for purposes of clinical diagnosis or 

treatment (for example, not Active Surveillance Culture/Testing (ASC/AST)) or culture or 

nonculture based microbiologic testing method is not performed. A culture or non-culture 

based test from the deep soft tissues of the incision that has a negative finding does not 

meet this criterion. 

AND 

patient has at least one of the following signs or symptoms: fever (>38°C); localized pain or 

tenderness. 

c. an abscess or other evidence of infection involving the deep incision that is detected on 

gross anatomical or histopathologic exam, or imaging test. 

 

Organ/Space SSI 

Date of event occurs within 30 or 90 days after the NHSN operative procedure (where day 1 = the 

procedure date) according to the list in Table 2 

AND 

involves any part of the body deeper than the fascial/muscle layers that is opened or manipulated 

during the operative procedure 

AND 

patient has at least one of the following: 

a. purulent drainage from a drain that is placed into the organ/space (for example, closed 

suction drainage system, open drain, T-tube drain, CT-guided drainage). 

b. organism(s) identified from fluid or tissue in the organ/space by a culture or non-culture 

based microbiologic testing method which is performed for purposes of clinical diagnosis or 

treatment (for example, not Active Surveillance Culture/Testing (ASC/AST)). 

c. an abscess or other evidence of infection involving the organ/space that is detected on gross 

anatomical or histopathologic exam, or imaging test evidence suggestive of infection. 

AND 

meets at least one criterion for a specific organ/space infection site listed in Table 3. These criteria 

are found in the Surveillance Definitions for Specific Types of Infections (Chapter 17)
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Supplementary material 2. Demographic and operative details of the GIVE study cohort. 

 

Variable SSI 

#/median 

(%/IQR) 

No SSI 

#/median 

(%/IQR) 

Odds Ratio 95% CI P value  

All cases 115 (8.6) 1222 (91.4)     

Outside of UK 7 (6.1) 154 (12.6) 0.449 0.205 - 0.983 0.045 * 

Age 72 (65 - 79) 71 (64 - 77) 1.015 0.996 - 1.034 0.116  

Sex - Female 39 (33.9) 297 (24.3) 1.598 1.063 - 2.402 0.024 * 

Emergency 41 (35.7) 494 (40.6) 0.811 0.544 - 1.207 0.302  

Rutherford - 0-3 51 (45.9) 575 (48.8) Reference    

Rutherford - 4-6 60 (54.1) 603 (51.2) 1.117 0.760 - 1.643 0.573  

Body mass index - 

Normal weight (18.5 - 

24.9kg/m2) 

18 (25.0) 326 (41.1) Reference    

Body mass index - 

Underweight 

(<18.5kg/m2) 

5 (6.9) 26 (3.3) 2.104 1.020 - 4.341 0.044 * 

Body mass index - 

Overweight (25 - 

29.9kg/m2) 

15 (20.8) 262 (33.0) 1.164 0.603 - 2.246 0.650  

Body mass index - 

Obese (≥30kg/m2) 

34 (47.2) 180 (22.7) 2.527 1.365 - 4.678 0.003 * 

Diabetes (any) 44 (38.6) 322 (26.5) 1.74 1.169 - 2.591 0.006 * 
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Alcohol excess 12 (11.3) 104 (9.6) 1.271 0.677 - 2.387 0.455  

eGFR <30 

mL/min/1.73m2 

8 (8.6) 45 (4.2) 2.142 0.986 - 4.652 0.054 * 

Hypertension 88 (77.2) 896 (73.3) 1.194 0.758 - 1.879 0.445  

Congestive cardiac 

failure 

13 (34.2) 127 (10.5) 1.128 0.615 - 2.071 0.697  

Chronic obstructive 

pulmonary disease 

39 (34.2) 266 (22.0) 1.835 1.218 - 2.765 0.004 * 

Ischaemic heart 

disease 

58 (51.8) 376 (31.5) 2.250 1.526 - 3.319 <0.001 * 

Hyperlipidaemia 54 (51.9) 545 (50.5) 1.116 0.749 - 1.662 0.590  

Neurological disease 17 (14.9) 182 (15.0) 0.984 0.574 - 1.688 0.954  

Immunomodulators 5 (4.3) 58 (4.8) 0.901 0.354 - 2.294 0.826  

Previous SSI 6 (5.3) 38 (3.2) 1.75 0.736 - 4.162 0.205  

Bilateral groin 

incisions 

36 (31.3) 560 (45.8) 0.539 0.358 - 0.812 0.003 * 

American Society of 

Anaesthesiologists 

classification - 1-2 

21 (19.4) 229 (19.6) Reference    

American Society of 

Anaesthesiologists 

classification - 3-5 

87 (80.6) 937 (80.4) 1.067 0.649 - 1.754 0.797  

Open wound on lower 

limb(s) 

31 (27.0) 282 (23.3) 1.202 0.780 - 1.853 0.405  

Re-do groin incision 23 (20.2) 199 (16.5) 1.277 0.788 - 2.068 0.320  

Antibiotic prophylaxis 110 (99.1) 1166 (98.9) 1.200 0.218 - 6.609 0.833  
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(any) 

Pre-operative hair 

removal with clippers 

96 (92.3) 1042 (92.3) 0.896 0.442 - 1.817 0.761  

Skin prep - Alcoholic 

chlorhexidine 

52 (52.5) 608 (55.1) Reference    

Skin prep - Aqueous 

chlorhexidine 

5 (5.1) 79 (7.2) 0.763 0.294 - 1.977 0.577  

Skin prep - Alcoholic 

betadine 

19 (19.2) 301 (27.3) 0.788 0.458 - 1.354 0.388  

Skin prep - Aqueous 

betadine 

23 (23.2) 110 (10.0) 2.303 1.342 - 3.953 0.002 * 

Skin prep - Two 

solutions 

0 5 (0.5) 1.376 0.440 - 4.302 0.581  

Adhesive skin prep - 

None 

12 (12.1) 117 (10.8) Reference    

Adhesive skin prep - 

Iodinated 

71 (71.7) 830 (76.3) 0.803 0.433 - 1.490 0.487  

Adhesive skin prep - 

Non-iodinated 

16 (16.2) 141 (13.0) 1.089 0.501 - 2.366 0.830  

Longitudinal groin 

incision 

97 (85.1) 935 (78.0) Reference    

Oblique groin incision 17 (14.9) 263 (22.0) 0.607 0.356 - 1.035 0.066 * 

Abdominal/leg 

incisions - None 

72 (64.3) 803 (67.0) Reference    

Abdominal/leg 

incisions - Separate 

abdominal incision 

12 (10.7) 125 (10.4) 1.032 0.545 - 1.954 0.923  

Abdominal/leg 

incisions - Groin 

5 (4.5) 65 (5.4) 0.855 0.339 - 2.159 0.741  
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incision extended to 

leg 

Abdominal/leg 

incisions - Separate leg 

incision 

23 (20.5) 206 (17.2) 1.223 0.747 - 2.002 0.423  

Open procedure only 74 (64.3) 724 (59.3) Reference    

Aneurysmal 

endovascular (cut-

down) procedure +/- 

open procedure 

10 (8.7) 273 (22.4) 0.356 0.181 - 0.698 0.003 * 

Occlusive 

endovascular (cut-

down) procedure +/- 

open procedure 

31 (27.0) 225 (18.5) 1.339 0.858 - 2.090 0.198  

Bypass/patch material 

- None 

12 (10.6) 369 (31.2) Reference    

Bypass/patch material 

- Vein 

28 (24.8) 281 (23.7) 3.109 1.556 - 6.212 0.001 * 

Bypass/patch material 

- Xenograft 

37 (32.7) 202 (17.1) 5.513 2.817 - 10.788 <0.001 * 

Bypass/patch material 

- Prosthetic 

36 (31.9) 332 (28.0) 3.274 1.679 - 6.382 <0.001 * 

Muscle flap used 1 (0.9) 9 (0.7) 1.280 0.185 - 8.875 0.802  

Drain(s) used 55 (48.2) 418 (34.7) 1.784 1.213 - 2.623 0.003 * 

Local antibiotic use 12 (10.8) 172 (14.4) 0.754 0.410 - 1.387 0.363  

Closure - Subcuticular 

suture 

88 (77.2) 902 (75.3) Reference    

Closure - Skin clips 16 (14.0) 223 (18.6) 0.744 0.428 - 1.294 0.295  
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Closure - External 

suture 

10 (8.8) 73 (6.1) 1.349 0.670 - 2.714 0.402  

Dressing - Absorbent 

adhesive 

95 (84.1) 1020 (85.8) Reference    

Dressing - Skin glue 

only 

8 (7.1) 125 (10.5) 0.685 0.325 - 1.445 0.321  

Dressing - Closed 

incision negative 

pressure therapy 

9 (8.0) 41 (3.4) 2.372 1.123 - 5.011 0.024 * 

Dressing - Open 

wound negative 

pressure therapy 

1 (0.9) 3 (0.3) 1.061 0.161 - 6.992 0.951  

Operative time (hours) 3.3 (2.5 - 

4.5) 

3.0 (2.0 - 4.0) 1.181 1.064 - 1.310 0.002 * 

Estimated blood loss 

(L) 

0.255 (0.200 

- 0.500) 

0.250 (0.100 - 

0.500) 

1.144 0.838 - 1.561 0.397  

Intra-operative 

glycaemic control 

19 (19.2) 160 (14.2) 1.476 0.896 - 2.430 0.126  

Intra-operative 

transfusion 

15 (15.6) 101 (9.4) 1.708 0.985 - 2.961 0.057 * 

Laminar flow theatre 54 (48.2) 556 (47.2) 1.049 0.713 - 1.543 0.807  

Table adapted from table presented in the GIVE study5.
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Supplementary material 3. Details of the Newcastle-Ottawa assessment of the methodological 

quality of observational studies describing the development of risk prediction models for groin 

wound surgical site infection (SSI) after arterial intervention. 

Cohort studies 

1st 
Author 
& Year 

Representativeness 
of exposed cohort 

Selection of non-
exposed cohort 

Ascertainment 
of exposure 

Demonstration 
that outcome 

was not 
present at 

start 

Comparability 
of cohorts 

Assessment of 
outcome 

Sufficient 
follow up 

length 

Adequacy 
of follow-

up 
cohorts 

NOS 
total 

Wiseman 
201516 

1 1 1 1 1 1 1 0 7 

Bennett 
201618 

1 1 1 1 1 0 0 0 5 

Case control studies 

1st 
Author 
& Year 

Case definition 
adequate 

Representativeness 
of cases 

Selection of 
controls 

Definition of 
controls 

Comparability 
of cases and 

controls 

Ascertainment 
of exposure 

Same method 
of 

ascertainment 
for cases and 

controls 

Non-
response 

rate 

NOS 
total 

Leekha 
201517 

1 1 0 1 1 1 1 1 7 
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Supplementary material 4. Variables contributing to existing risk prediction models. 

 

Wiseman et al.: 

Lower extremity revascularisation, aortoiliac procedure, obese, operative time >6 hours, female 

gender, overweight, operative time 4-6 hours, insulin-dependent diabetes, non-insulin dependent 

diabetes, smoker, hypertension, critical limb ischaemia, dyspnoea with moderate exertion, groin 

anastomosis, ASA* class 4 or 5, COPD*, CAD*, neurological disease, age ≥ 65 years, black race, sepsis 

complication, renal complication, totally dependent functional status, prolonged LOS* (≥14 days). 

 

Leekha et al.:  

Critical ischaemia, COPD*, prior revascularisation procedure, previous SSI. 

 

Bennett et al.: 

Re-operative groin, female, BMI*, ESRD*, malnutrition, urgent procedure 

 

*ASA – American Society of Anesthesiologists, COPD – chronic obstructive pulmonary disease, CAD – coronary 

artery disease, LOS – length of stay, BMI – body mass index, ESRD – end-stage renal disease 
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Supplementary material 5. Clinical vignettes exemplifying the use of the GIVE risk prediction models. 

 

Vignette 1: 

A 60-year-old female patient is planned to undergo an elective above-knee femoro-popliteal bypass 

(using autologous vein) for chronic limb threatening ischaemia. Her background includes 

hypertension and ischaemic heart disease, she has a BMI of 26 and does not smoke. The consultant 

would usually use aqueous betadine for skin preparation. The operative time is estimated to be 

approximately 3 hours. 

 

Using the GIVE risk prediction models the risk of SSI and deep SSI are 18.9% and 5.6%, respectively; 

using the optimal diagnostic cut-off values for both models, this patient is predicted to develop SSI 

and deep SSI when aqueous betadine is used as skin preparation. In contrast, by changing the choice 

of skin preparation to alcoholic chlorhexidine, the predicted risk of SSI and deep SSI are 7.7% and 

1.4%, respectively; it is now predicted that she will not develop SSI based on the optimal diagnostic 

cut-off values. This demonstrates how pre-operative use of the GIVE risk prediction models can 

highlight how simple changes to practice can reduce predicted rates of SSIs. 

 

Vignette 2: 

A 70-year-old female patient has a significant common femoral artery stenosis, and the consultant is 

planning intervention. Her background includes ischaemic heart disease, type II diabetes and she 

underwent an ipsilateral femoral hernia repair 20 years ago. She has a BMI of 32. During planning 

the consultant uses the GIVE risk prediction models to estimate SSI risk if she were to have a 

common femoral endarterectomy with a bovine pericardium patch. The consultant’s usual choice of 

skin preparation is alcoholic chlorhexidine, and it is predicted the procedure will take approximately 

3 hours owing to difficulty resulting from her body habitus and previous groin surgery. 

The predicted SSI and deep SSI risks are 27.3% and 7.17%, respectively (both significantly above the 

optimal cut-off values). With this information, and considering other factors including fitness for 

surgery the consultant is able to have a patient-specific discussion of risk and benefit, and through 

shared decision making they decide to proceed with endovascular treatment (despite acknowledging 

evidence of poorer long-term patency). 


